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OPTICAL SCANNING CONFIGURATIONS, 
SYSTEMS, AND METHODS 

I. CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
co-pending US. patent application Ser. No. 10/981,440 ?led 
on Nov. 4, 2004, Which in turn is a continuation-in-part of 
co-pending US. patent application Ser. No. 10/440,719, ?led 
May 19, 2003, Which in turn is a continuation-in-part of 
co-pending US. patent application Ser. No. 10/216,620, ?led 
Aug. 9, 2002, Which in turn is a continuation of co-pending 
US. patent application Ser. No. 09/700,536, ?led Nov. 29, 
2001, Which claims priority to PCT/US99/11088, ?led May 
17, 1999, Which published as publication number WO 
99/60381 on Nov. 25, 1999, all of Which are incorporated 
herein in their entireties by reference. 
[0002] Cross-reference is made to co-pending US. patent 
application Ser. No. 10/440,920 entitled “Optical Instrument 
Including Excitation Source” to Boege et al., co-pending US. 
patent application Ser. No. 10/440,852 entitled “Apparatus 
And Method For Differentiating Multiple Fluorescence Sig 
nals By Excitation Wavelength” to King et al., both ?led on 
May 19, 2003, and US. patent application Ser. No. 10/735, 
339, ?led Dec. 12, 2003, Reexamination Control No. 90/007, 
275, ?led, Oct. 29, 2004, for US. Pat. No. 6,21 1,989, includ 
ing US. Pat. No. 6,211,989, all of Which are incorporated 
herein in their entireties by reference. 

II. FIELD 

[0003] This invention relates to methods and optical sys 
tems for optical scanning of a target sample, including sys 
tems having loW mass optical scan heads. The present inven 
tion also relates to methods and systems for performing 
sample assays, and for producing and measuring optical 
responses and signatures. 

III. BACKGROUND 

[0004] A Light-Emitting Diode (LED) can be an excitation 
source for optically transduced assays, such as ?uorescent 
measurements. The need for providing an LED excitation 
beam source that does not exhibit excitation beam intensity 
changes and/ or an excitation beam spectral shift has not been 
satis?ed. A device compatible With nucleotide ampli?cation 
reactions, detecting such reactions, and capable of processing 
a relatively large number of ampli?cation reactions is desir 
able. A device capable of providing enhanced scanning, such 
as enhanced scanning speed and enhanced scanning methods, 
of multiple reactions or samples is also desirable. 

IV. SUMMARY 

[0005] According to various embodiments, a system and a 
method con?gured to provide optical scanning or interroga 
tion of a sample substrate is provided Where the system is 
thermally compensated. Thermal compensation may be, pas 
sive, active, or both. 
[0006] Various embodiments of the invention comprise an 
optical system and method having at least one LED con?g 
ured to provide excitation light to the sample substrate. The 
temperature of the LED may, for example, be thermally sta 
biliZed. As another example, detected data may be adjusted to 
compensate for temperature-dependent changes in the LED 
excitation light, such as changes in its intensity or spectrum. 
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[0007] Various embodiments of the invention comprise an 
optical system and method using a scanning con?guration for 
scanning an optical scan head relative to a sample substrate 
based at least relative linear motion, a relative linear motion 
and a relative angular motion, tWo relative angular motions, 
or any combination thereof. 
[0008] Various embodiments of the invention comprise an 
optical system and method having a loW mass scan head for 
scanning a sample substrate. A loW mass scan head can, for 
example, contain a limited number of components such that 
its inertial mass can be reduced and its potential acceleration 
and velocity increased. 

V. BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Various embodiments of the present teachings are 
exempli?ed in the accompanying draWings. The teachings are 
not limited to the embodiments depicted in the draWings, and 
include equivalent structures and methods as set forth in the 
folloWing description and as Would be knoWn to those of 
ordinary skill in the art in vieW of the present teachings. In the 
draWings: 
[0010] FIG. 1 is a side vieW in partial cross-section of a 
system including a heater providing temperature stabiliZation 
for an LED array according to various embodiments; 
[0011] FIG. 2 is a vieW in partial side cross-section of a 
system including a thermoelectric device providing tempera 
ture stabiliZation for an LED array according to various 

embodiments; 
[0012] FIG. 3a is a side vieW in partial side cross-section of 
a system including a fan and cooling ?ns providing tempera 
ture stabiliZation for an LED array according to various 

embodiments; 
[0013] FIG. 3b is a top plan vieW of a capillary sample 
holder according to various embodiments; 
[0014] FIG. 4 is a top vieW in partial cross-section of a 
system including a fan and heating element providing tem 
perature stabiliZation for an LED according to various 
embodiments; and 
[0015] FIG. 5 is a side vieW in a partial cross-section ofa 
system providing a strong thermal conductive path according 
to various embodiments. 
[0016] FIG. 6 is a side vieW in a partial cross-section ofa 
?rst loW mass scan head system according to various embodi 
ments. 

[0017] FIG. 7 is a side vieW in a partial cross-section ofa 
second loW mass scan head system according to various 
embodiments. 
[0018] FIG. 8 is a side vieW in a partial cross-section ofa 
third loW mass scan head system having a dispersive spec 
trometer according to various embodiments. 
[0019] FIG. 9 illustrates embodiments for scanning of 2-di 
mensional surface using one linear actuator and one rotation 
actuator, in top vieWs (a, b) and side vieW cross section (c). 
[0020] FIG. 10 illustrates embodiments for scanning of 
2-dimensional surface using tWo rotation actuators, in top 
vieWs (a, b) and side vieW cross section (c). 
[0021] It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are intended to provide a 
further explanation of the various embodiments of the present 
teachings. The various prophetic examples (i.e., “Example 1,” 
“Example 2”, etc.) and headings associated thereWith, are 
provided to illustrate various embodiments and aspects of the 
present disclosure. Such examples are intended to be consid 
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ered Within the scope of the present disclosure as a Whole, and 
aspects of one example may be combined With another, 
according to various embodiments. 

VI. DESCRIPTION OF CERTAIN 
EMBODIMENTS OF THE INVENTION 

[0022] Reference Will noW be made in detail to certain 
embodiments of the invention, examples of Which are illus 
trated in the accompanying drawings. Wherever possible, the 
same reference numbers Will be used throughout the draW 
ings to refer to the same or like parts. 
[0023] The section headings used herein are for organiZa 
tional purposes only, and are not to be construed as limiting 
the subject matter described. 
[0024] All documents cited in this application, including, 
but not limited to patents, patent applications, articles, books, 
and treatises, are expressly incorporated by reference in their 
entirety for any purpose. 
[0025] Inde?nite articles “a” and “an” carry the meaning of 
“one or more” in open-ended descriptions, such as those 
containing the transitional phrase “comprising.” 
[0026] According to certain embodiments, the present 
invention provides optical systems con?gured to provide 
optical scanning or interrogation of a sample substrate. The 
system can be actively thermally compensated, passively 
thermally compensated, or both. Optical systems according 
to certain embodiments comprise at least a sample substrate, 
an LED, an optical detector, a temperature dependent unit, an 
optional temperature sensor, and an active or passive tem 
perature compensation system or both. According to these 
embodiments, the LED is con?gured to provide excitation 
light to the sample substrate. The optical detector is con?g 
ured to receive emission light from the sample substrate and 
generate detection data. Systems according to the present 
invention may, in various embodiments, comprise more than 
one of a recited element, such as, for example, multiple LEDs, 
multiple optical detectors, multiple ?lters, or multiple tem 
perature sensors, except as speci?ed to the contrary. 
[0027] According to various embodiments, a system can 
comprise one or more LEDs, photodiodes, operational ampli 
?ers, and LED-current control circuits. Such components 
may have temperature dependent properties, meaning that 
their properties (e.g., LED intensity) can change With tem 
perature variations. A temperature compensation system can, 
for example, maintain some or all of these components at a 
constant temperature to eliminate or reduce changes in the 
temperature dependent property or properties. The constant 
temperature can be, according to certain embodiments, 
elevated from an ambient temperature. The constant tempera 
ture can be, according to certain embodiments, loWer than an 
ambient temperature. Similarly, the constant temperature 
may be at or near ambient, according to certain embodiments. 
For example, the system components can be held at a constant 
temperature above an ambient temperature using a resistive 
heating element as a heat source under the control of the 
temperature compensation system. As an additional example 
of temperature compensation, a temperature compensation 
system can also adjust detection data to compensate for the 
effects of temperature changes. As other examples, a tem 
perature compensation system can distribute thermal energy, 
provide thermal insulation or buffering, or any combination 
thereof. 
[0028] According to certain embodiments, the temperature 
dependent unit (“TDU”) Will include the LED, the optical 
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detector, or both, as Well as optionally other elements. The 
TDU may also consist or consist essentially of the LED, the 
optical detector, or both. Thus, according to certain embodi 
ments, the TDU may be coextensive With its components, 
such as an LED. That is, the TDU is not necessarily an 
element distinct from other speci?ed elements of the system. 
Rather, it can be, according to certain embodiments, a desig 
nation for other speci?ed components Whose temperature is 
to be monitored, controlled, regulated, or otherWise compen 
sated. Additionally, hoWever, the TDU may also comprise 
additional functional elements, such as circuitry, support ele 
ments (e.g., a housing or support substrate, thermal control 
elements, and combinations thereof). 
[0029] As used herein, a “sample substrate” refers to a 
substrate or plate, such as a plate containing Wells or microW 
ells used for chemical or biological assays or screenings, that 
contains or is con?gured to contain one or more samples to be 
optically examined. The samples may be contained, for 
example, on a surface, in a volume (such as a microWell), or 
in a capillary. The sample substrate may also include or be 
associated With a thermal cycler block to provide thermal 
control over the sample, such as for thermal cycling used in 
PCR application. 
[0030] Sample substrates can include or contain, for 
example, regions for performing chemical and/ or biochemi 
cal assays or screenings, Where the assays or screenings 
include a mechanism for optically transduced measurement. 
The sample substrate can also be referred to as the illumina 
tion target, or just “target,” as provided in US. Pat. No. 
6,744,502 by Hoff and Oldham, Which is hereby incorporated 
by reference in its entirety. 
[0031] The mechanism for optical transduction of the assay 
property or result may be ?uorescent tags, as just one 
example. As another example, the optically transduced mea 
surement may be based on optical absorption, re?ection, 
other spectroscopic responses, or any combination of spec 
troscopic measurements. It may also entail temporally static 
measurements, time resolved measurements, or both. As fur 
ther examples, the measurement can entail a spectrally 
resolved or frequency domain measurement, such as a Fou 
rier transform method. As a still further example, it may entail 
non-linear measurements, such as Raman and multi-photon 
processes. 
[0032] “Optical detector” refers to devices that convert 
electro-magnetic energy into an electrical signal, and include 
both single element and multi-element or array optical detec 
tors. Thus optical detectors are devices capable of monitoring 
an electro-magnetic (e.g., optical) signal and providing an 
electrical output signal or data related to the monitored elec 
tro-magnetic (e.g., optical) signal. Such devices include, for 
example, photodiodes, including avalanche photodiodes, 
phototransistors, photoconductive detectors, linear sensor 
arrays, CCD detectors, CMOS optical detectors (including 
CMOS array detectors), photomultipliers, and photomulti 
plier arrays. According to certain embodiments, an optical 
detector, such as a photodiode or photomultiplier, may con 
tain additional signal conditioning or processing electronics. 
For example, an optical detector may include at least one 
pre-ampli?er, electronic ?lter, or integrating circuit. Suitable 
pre-preampli?ers include integrating, transimpedance, and 
current gain (current mirror) pre-ampli?ers. 
[0033] The term “temperature dependent property” is used 
herein to refer to the property of a device or device element 
that is affected by temperature. The temperature of the device 
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or element is, of course, fundamentally a temperature depen 
dent property of the device or element. The temperature 
dependent property may be monitored, according to certain 
embodiments, using an absolute scale, such as degrees Cel 
sius, or as a relative value compared to, for example, a set 
point or baseline value. 

[0034] For example, according to certain embodiments, a 
temperature dependent property may be one or more of a 
temperature, a temperature dependent optical property, a tem 
perature dependent electronic property, a temperature sensor 
signal or response, or any combination thereof. 

[0035] According to certain embodiments, the temperature 
dependent property may be, for example, an electrical prop 
er‘ty, such as resistance, that is affected by temperature 
directly or indirectly. Thus, as one example, the device (e.g., 
a temperature dependent unit) may comprise an LED and the 
resistance of the LED (if temperature dependent) Would be a 
temperature dependent property of the LED and of the device 
comprising the LED. Other electronic components, such as 
optical detectors, including photodiodes, and ampli?ers may 
also have temperature dependent electrical properties that can 
be monitored. For example, resistive elements in transimped 
ance ampli?ers may have temperature dependent electrical 
properties that can be monitored. 

[0036] The temperature dependent property may also 
include properties that are a derived or indirect function of a 
temperature dependent property. Thus, for example, if elec 
trical resistance is a temperature dependent property, current 
or voltage, Which Would be functions of the resistance, could 
also be temperature dependent properties. Other temperature 
dependent properties may include, for example, temperature 
dependent properties of an optical detector, such as a photo 
diode. For example, the “dark current” or noise of a detector 
may be temperature dependent. Temperature sensors may 
thus include electronic circuits and signal measurement 
devices or elements con?gured to monitor, for example, dark 
current or noise. 

[0037] In addition to the exemplary electrical properties, 
temperature dependent properties may include optical prop 
er‘ties of optically active components, such as excitation 
sources and optical detectors. For example, for a conventional 
LED the intensity and spectrum of its optical output may both 
be temperature dependent properties of the LED. For com 
mercial LEDs, such temperature dependence is usually Well 
characterized. As another example, the amplitude and range 
of sensitivity and response of the optical detector may also be 
temperature dependent. Temperature sensors may thus 
include optical detectors. 
[0038] A “thermal control signal” is understood to mean a 
signal that is used or can be used to provide thermal control to 
a device. For example, it may be the output of a temperature 
sensor. Such a thermal control signal may be unprocessed or 
processed, including unampli?ed or ampli?ed. For example, 
a signal may be processed in a computer or designated circuit, 
and a resultant derived or calculated signal can be used to 
provide thermal control. The resultant derived or calculated 
signal Would also be considered a thermal control signal. 

[0039] The thermal control signal may be used, for 
example, to adjust the poWer to a thermal control device, such 
as a heater or cooler, as discussed elseWhere herein. The 
thermal control signal may also be used, for example, to scale 
or compensate data to normaliZe variations due to tempera 
ture changes, as also discussed elseWhere herein. 
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[0040] A “temperature compensation system” is used 
herein to refer to any system that can compensate for tem 
perature changes. It may include, for example, “active” ther 
mal compensators that can actively add or remove thermal 
energy. It may also include “passive” thermal compensators 
that insulate or buffer temperature changes. 
[0041] For example, a temperature compensation system 
may include an active thermal compensation system that 
actively adjusts the properties of a device to counter balance 
or offset other thermal changes. Thus, it may include, for 
example, a system designed to maintain a constant output 
intensity of an LED by, for example, adjusting the applied 
current or voltage to compensate for intensity changes caused 
by temperature variations. As another example, to counter 
balance or offset other thermal changes the LED duty cycle 
may be adjusted to maintain as constant the optical ?ux, 
integrated over a given time period. Thus, the LED output can 
be actively maintained at a constant, or relatively constant, 
level by compensating for changes in temperature With 
changes to the operating current or other control parameters 
(e.g., duty cycle). An active temperature compensation sys 
tem may also include systems that scale or adjust data values 
to normaliZe variations due to temperature effects, as dis 
cussed fur‘ther beloW in the context of temperature compen 
sated detection data. 
[0042] Other temperature dependent properties and ther 
mal control signals may also be used for active thermal com 
pensation systems. Similarly, other scaling or normalizing 
techniques may be used, and may depend on a knoWn or 
empirically derived relationship betWeen the raW detection 
data and the temperature dependent property. 
[0043] The term “regulate,” as used in the context of “con 
?gured to regulate,” means that the system, device, or element 
so con?gured has the functionality to regulate a given prop 
er‘ty or function. Being “con?gured to regulate” a given prop 
er‘ty or function does not require that the system, device, or 
element is necessarily alWays actively regulating the property 
or function. Further, the regulation can be direct or indirect. 
For example, the thermal control signal con?gured to regulate 
an operating temperature may be processed or converted prior 
to transmission to the regulating system. 
[0044] “Detection data” refers to data derived from or 
related to the optically transduced assay measurement. Thus 
the detection data may be the output signal from an optical 
detector con?gured to receive emission light from a sample 
substrate. It may also include such signals that are further 
processed, by, for example, A to D conversion, amplitude 
scaling, offset adjustment, frequency modulation or demodu 
lation, or other signal processing techniques. 
[0045] “Temperature compensated detection data” refers to 
detection data that has been processed or otherWise scaled to 
compensate for changes in temperature of one or more ele 
ments of the optical system. For example, if the temperature 
and LED intensity vary during the course of a ?uorescence 
based measurement, the measured ?uorescent emission 
intensity (detection data) Will be a function not only of the 
sample properties (e.g., ?uorescent probe concentration), but 
also a function of the LED intensity. Hence, the measured 
?uorescent intensity Will be a function of temperature, and 
this can lead to undesirable inaccuracies in the data. HoWever, 
if the LED intensity (or a property correlated thereWith) is 
monitored, the data can be scaled based on this intensity. 
[0046] For example, if the LED intensity decreases With 
increasing temperature, causing a subsequent decrease in 
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sample emission intensity, the temperature compensated 
detection data may have its amplitude scaled (in this case 
increased) to compensate for decreases in the LED intensity. 
Similarly, increases in LED intensity can be compensated for 
by scaling, to reduce, the amplitude of the detected data. One 
exemplary scaling method Would be to take the ratio of the 
raW ?uorescent intensity to the thermally dependent LED 
intensity or a correlated property (e. g., ?uorescent intensity/ 
LED intensity), to normaliZe LED intensity variations Where 
the ?uorescent intensity is linearly related to the LED inten 
sity. Another exemplary scaling method entails using a tem 
perature dependent signal gain system, Where the tempera 
ture dependence of the signal gain system has the same 
absolute value but opposite sign as the temperature coe?i 
cient being compensated (e.g., the LED output intensity tem 
perature coe?icient). The resultant scaled or normaliZed data 
Would be temperature compensated detection data, Which is 
discussed further beloW. 
[0047] As another example, if the background signal or 
“dark current” of a detector increases With increasing tem 
peratures of the detector, a temperature dependent offset may 
be subtracted from the detection data to remove temperature 
effects. Functionally, the purpose of temperature compen 
sated detection data is to provide a data output Where the 
effects of temperature changes have been minimized or elimi 
nated, as much as possible. 

Active Temperature Compensation Systems and Methods 

[0048] As part of an active temperature compensation sys 
tem, a temperature sensor can be present and be con?gured to 
provide at least tWo functions. First, the temperature sensor 
can be con?gured to monitor at least one temperature depen 
dent property of the TDU. Second, the temperature sensor can 
be con?gured to generate a thermal control signal related to 
the at least one temperature dependent property. 
[0049] According to certain embodiments, an active tem 
perature compensation system and method may include pas 
sive temperature compensation components, such as those 
discussed elseWhere herein. Such passive components can be 
used either passively (e.g., a cooling fan that is alWays on) or 
actively (e.g., a cooling fan that is actively controlled), 
depending on the embodiment. 
[0050] The temperature sensor can be used to measure 
directly, indirectly, or by calculation, the temperature of the 
system components. The temperature sensor can be con?g 
ured according to various embodiments to measure an oper 
ating temperature for various components of the system. The 
temperature sensor can provide feedback to a temperature 
regulating system. The temperature regulating system can 
monitor the amount of heating or cooling provided by a heat 
source or a heat sink to maintain the system components at a 
nominal temperature Within an acceptable deviation value 
range. The temperature sensor can be used to form thermally 
compensated detection data. Multiple temperature sensors 
may also be used to measure, for example, temperature gra 
dients or temperatures of different components or parts of 
components. 
[0051] According to certain embodiments, the temperature 
sensor can be a component of the TDU or in thermal contact 
With the TDU. Additionally, according to other embodiments, 
the temperature sensor need not be in thermal contact With the 
TDU. The temperature sensor can alternately or additionally 
monitor the TDU temperature, according to certain embodi 
ments, by monitoring a temperature dependent property of 

Dec. 25, 2008 

the TDU. For example, in embodiments Where the LED is part 
of the TDU, the temperature sensor can remotely (i.e., non 
contact) monitor a temperature dependent optical property of 
the LED. As another example, an optical response of the 
optical detector can be monitored, Where such a response 
(e.g., gain) is temperature dependent and the optical detector 
is part ofthe TDU. 
[0052] For example, according to certain embodiments, a 
temperature sensor can be con?gured to monitor at least one 
temperature dependent optical property of the temperature 
dependent unit. For instance, an LED can be a component of 
the TDU and a temperature sensor can be con?gured to moni 
tor at least one temperature dependent property of the LED. 
The temperature dependent property of the LED can be, for 
example, a temperature of the LED, a temperature dependent 
optical property of the LED, such as an optical output poWer 
(emission intensity) or Wavelength, or a temperature depen 
dent electrical property, such as resistance. Thus, according to 
certain embodiments, a temperature sensor may be an optical 
detector con?gured to monitor the LED emission. According 
to certain embodiments, a temperature sensor may also be in 
thermal contact With the LED or LED array. 
[0053] According to various embodiments, the TDU can 
include one or more optical detectors, such as ?rst and second 
optical detectors. The one or more optical detectors can be 
based on or include, as one example, one or more photo 

diodes. According to certain embodiments, a temperature 
sensor can be con?gured to monitor at least one temperature 
dependent property of at least one of the ?rst and second 
photodiodes. The photodiode temperature dependent prop 
erty can be, for example, a temperature, a temperature depen 
dent optical property, such as its optical sensitivity, or a tem 
perature dependent electrical property, such as its resistance 
or dark current. 

Example 1 

[0054] For example, FIG. 1 is side partial cross-sectional 
vieW of a system 100 con?gured for active temperature com 
pensation, according to various embodiments, including an 
LED array 110 that includes a plurality of LEDs 111. Accord 
ing to certain embodiments, a single LED may be used, in 
Which element 110 Would be a single LED. When multiple 
LEDs 111 are present, they may be of a common type (i.e., 
common spectral properties) or they may be different, and 
may be operated, for example, simultaneously, sequentially, 
or any combination thereof. The system can also include a 
focal lens 106. The focal lens 106 can focus excitation light 
emitted by the LED array 110. The LED array 110 can be in 
physical and/or thermal contact With a substrate 112. The 
LED array 110 can include one or more roWs or patterns of 

individual LEDs. The substrate 112, Which can be a printed 
circuit board (i.e., PCB), can include one or more highly 
thermally conductive layers that can distribute heat across the 
substrate. The highly thermally conductive layer may be a 
copper ground plane layer of a PCB board, or may be an 
additional layer comprising, for example, aluminum or steel. 
The highly thermally conducting layer may be, as possible 
examples, a surface layer in direct contact With the thermal 
elements (e.g., LED array 110) attached thereto or may be an 
interlayer of a multilayer substrate. A heating device 116, for 
example, a resistive heating element, can be provided in ther 
mal contact With the LED array 110. The heating device 116 
can be included in, on, or in and on the substrate 112. The 
system 100 can include a temperature sensor 118 in thermal 
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contact the LED array 110. The temperature sensor can be 
centrally located With respect to the LED array 110. The 
temperature sensor 118 can be included on the substrate 112. 
A temperature regulator or temperature regulating system 
122 can be provided that is capable of receiving a signal from 
the temperature sensor 118. The temperature sensor 118 and 
temperature regulating system 122 can be integrated and/or 
can be of a unitary construction. The temperature regulating 
system 122 can control the heating device 116. The tempera 
ture regulating system 122 can control a fan 114. The tem 
perature regulating system 122 can control the fan 114 and the 
heating device 116. For example, the temperature regulating 
system 122 can be used to control the heating device 116 to 
reach or maintain a nominal operating temperature While the 
fan 114 prevents the operating temperature from getting too 
high. This optimiZation can be used, for example, if the LED 
array 110 is not on continuously. For example, heating device 
116 can provide additional heat When some or all of the 
plurality of LEDS 111 in LED array 110 are not on. The fan 
114 can direct an air current over one or more cooling ?ns 

104. The cooling ?ns 104 can be in thermal contact With the 
LED array 110, With the substrate 112, or With both. The 
temperature regulating system 122 can send signals to and/or 
receive signals from the temperature sensor 118, the heating 
device 116, and/or the fan 114. The temperature regulating 
system 122 can send and receive signals using Wires 120, or 
via Wireless controllers integrated in or associated With the 
various components. Excitation light can be emitted from 
LED array 110 and directed to one or more reaction region 
108 on a sample substrate. The reaction region 108 can 
include a sample 107. The reaction region can be, for 
example, a Well on a microtiter tray. One or more optical 
signals from the sample 1 07 may be monitored With a detector 
Without or Without additional optical components, such as 
detector 130 and lens 144.Although the axis betWeen detector 
130 and reaction region 108 is generally perpendicular to the 
axis betWeen LED array 110 and reaction region 108, other 
con?gurations, such as a co-axial con?guration, may also be 
used according to certain embodiments. 

Example 2 

[0055] FIG. 2 is a side cross-sectional vieW ofa system 200, 
according to various embodiments, that includes an active 
temperature stabiliZation device for an LED array 210, for 
example, by including a plurality of LEDs 211. A focal lens 
206 can be included to focus excitation light emitted from 
each of the individual LEDs 211. The LED array 210 can be 
in physical and/ or thermal contact With a substrate 212. The 
system 200 can include a temperature sensor 218 in thermal 
contact With the LED array 210, the substrate 212, or both. 
The temperature sensor 218 can be included in or on the 
substrate 212. A temperature regulating system 222 can 
receive a signal from the temperature sensor 218. The tem 
perature regulating system 222 can control a thermoelectric 
device 214, for example, a Peltier device. The thermoelectric 
device 214 can be in thermal contact With the LED array 210, 
With substrate 212, or With both. The thermoelectric device 
214 can transfer thermal energy from an ambient environ 
ment to the LED array 210. The thermoelectric device 214 
can transfer thermal energy to an ambient environment from 
the LED array 210. The thermoelectric device 214 can 
include a temperature sensor. A plurality of cooling ?ns 204 
can be in thermal contact With the LED array 210 and/or With 
the thermoelectric device 214. The temperature regulating 
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system 222 can send signals to and/ or receive signal from the 
temperature sensor 218, and/or the thermoelectric device 
214, for example, through Wires 220. Excitation light can be 
emitted from LED array 210 and can be directed to a plurality 
of reaction regions 208, for example, held in a thermal cycling 
block 230. The thermoelectric device 214 can be used to 
maintain a loWer temperature than could be otherWise 
achieved under operating conditions. This can permit the 
LED array 210 to operate more e?iciently, With a higher total 
?ux output. The thermoelectric device 214 can be used in a 
heating mode, for example, to reach or maintain a tempera 
ture When the LED array 210 is not on. The thermoelectric 
device 214 can be used in a cooling mode When the duty cycle 
of the LED array 210 is high enough to require cooling. 
According to certain embodiments, there may be a one-to -one 
correspondence betWeen the number of LEDs 211 and the 
number of reaction regions 208, as shoWn. According to other 
embodiments, there may be a greater number of LEDs than 
reaction regions, for example as shoWn in FIG. 1. According 
to still other embodiments, there may be a feWer number of 
LEDs than reaction regions. As just one example, there could 
be three LEDs, each having respectively different optical 
properties, that are con?gured to illuminate a single reaction 
region. As another example, there could be three LEDs, each 
having respectively different optical properties, that are con 
?gured to illuminate multiple reaction region, such as six or 
more. 

[0056] Although thermal compensation can be used to 
maintain as constant the temperature dependent spectral out 
put of an LED, controlled temperature variations may be used 
control the temperature dependent spectral output of an LED 
to perform, for example, spectroscopic analyses. For 
instance, in the case of an LED having a 4.0 nm/0 C. coef? 
cient of spectral changes per degree centigrade, a 1 degree 
temperature change Will change the LED output spectrum by 
4.0 nm. Thus, by changing the temperature of the LED, such 
as by ramping or stepped changes, an LED can be used to 
provide multiple optically distinct ranges of excitation light 
and can be thus used to make, for example, spectrally depen 
dent measurements, such as an absorption spectral analysis. 
Such thermally controlled- spectral analysis can be used inde 
pendently or in conjunction With a thermally compensated 
system or method to provide additional levels of spectral 
analysis and discrimination. For example, the LED tempera 
ture can be stepped betWeen tWo different temperature to 
provide tWo optically distinct ranges of excitation light, and 
collected emission can be correlated With the temperature, 
and hence optically distinct range, to discriminate, for 
example, betWeen tWo overlapping optical tags. As another 
example, the LED temperature could be oscillated, and the 
emission light can be analyZed based on this frequency, to 
discriminate again background noise, for example. A phase 
analysis could also be conducted on the emission light, to 
measure shifts from the phase of the LED temperature oscil 
lation, to provide a further level of analysis for the emission 
light. The temperature of the LED may be controlled With the 
same elements (e. g., heating and cooling elements) discussed 
herein for use in temperature compensation, as Well as any 
other element functionally capable of applying or removing 
heat. 

Example 3 

[0057] FIG. 3a is a side cross-sectional vieW of a system 
300 according to various embodiments and capable of pro 
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viding temperature stabilization for an LED array 310 includ 
ing a plurality of individual LEDs 311. A focal or collimating 
lens 306 can be included to focus excitation light emitted 
from each of the individual LEDs 311. The collimating lens 
can be a Fresnel lens. A beam splitter 307, Which can be a 
single element as shoWn or multiple elements, can be 
included to separate excitation light from emission beams. 
The beam splitter 307 can be replaced by a ?lter or beam 
splitter as described, for example, in US. patent application 
Ser. No. 10/735,339, ?led Dec. 12, 2003, Which is incorpo 
rated herein in its entirety by reference. The LED array 310 
can be in contact With a substrate 312. The system 300 can 
include a temperature sensor 318 in thermal contact With the 
LED array 310. The temperature sensor 318 can be included 
in, on, or in and on the substrate 3 12. A temperature regulating 
system 322 can receive a signal from the temperature sensor 
318. The temperature regulating system 322 can control a fan 
314. The fan 314 can direct an air current over a plurality of 
cooling ?ns 304. The cooling ?ns 304 can be in physical 
and/ or thermal contact With the LED array 31 0. The tempera 
ture regulating system 322 can communicate With the tem 
perature sensor 318, and/or the fan, through Wires 320. Exci 
tation light can be emitted from LED array 310 and directed 
to a reaction region 308 formed or disposed in, on, or in and 
on a substrate 309. The reaction regions can include capillar 
ies 330 of a capillary array. The capillaries 330 can each have 
a portion that passes through a detection Zone 356. 
[0058] FIG. 3b is a top plan partial vieW of the array of 
capillaries 330 shoWn in FIG. 3a, and the detection Zone 356. 
The capillaries can traverse the detection Zone 356, Where 
excitation light from the LED array 310 (FIG. 3a) can be 
directed. For example, the excitation light can be used for 
?uorescence detection of analytes in capillaries of a capillary 
electrophoresis device. Such canbe the case in DNA sequenc 
ing and fragment length analysis applications. 

Active Temperature Regulation Systems and Methods 

[0059] According to various embodiments, the active regu 
lation of an operating temperature of the TDU by the tem 
perature compensation system can be in any form capable of, 
in response to a control signal, adding or WithdraWing thermal 
energy from the TDU to maintain a desired temperature value 
or range. For example, the temperature compensation system 
can include elements such as heaters, coolers, or fans, that are 
in thermal contact With the TDU and that are activated or 
controlled (directly or indirectly) by the thermal control sig 
nal. The temperature control system can include a heater. The 
system can include a cooler. The system can include both a 
heater and a cooler. Cooling and heating rates can be aug 
mented by using a plurality of heaters and/ or coolers as 
desired. If a heater is provided, it can comprise a plurality of 
different types of heating devices. If a cooler is provided, it 
can comprise a plurality of different types of cooling devices. 
[0060] As one example, the temperature compensation sys 
tem can comprise a heating element and control electronics 
con?gured, With the temperature sensor, to maintain the TDU 
at an elevated temperature relative to the ambient tempera 
ture. Thus, assuming for this example an ambient temperature 
of 200 C., the temperature compensation system can be con 
?gured to maintain the TDU at a Working temperature of 25° 
C. to some speci?ed degree of precision. If the TDU tempera 
ture starts to drop beloW the set point, as measured by the 
temperature sensor, the heater output Will be, via the thermal 
control signal, activated or increased to raise (or stop the drop 
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in) the TDU temperature. Similarly, if the TDU temperature 
starts to rise above the set point, the heater output Will be, via 
the thermal control signal, deactivated or reduced to loWer (or 
stop the rise in) the TDU temperature. 
[0061] An active temperature compensation system, 
according to various embodiments, can be con?gured to regu 
late the operating temperature of the TDU based on the at 
least one temperature dependent property and optionally at 
least one non-temperature dependent property. 
[0062] The non-temperature dependent property may 
include, for example, at least one property chosen from an age 
of the at least one optical component, aging of electrical 
components, poWer supply variations, changes in transmis 
sion or re?ection of optical components such as lenses and 
?lters, altitude and air density effects such as loWer heat 
capacity of air used for heat transfer at higher elevations or 
loWer ambient pressures, an anticipated temperature change, 
a heat capacity of the TDU, a temperature regulation lag time, 
and thermal conductivities of materials in the system. Age in 
this context can be either a real time age (i.e., months since 
constructed or ?rst operated) or an age in terms of amount of 
time in actual use. 

[0063] Optical component age may be a relevant property 
since, for example, LED emissive intensity may diminish 
With age independent of temperature. To the extent age-re 
lated intensity losses and other non-temperature dependent 
effects are not appropriately accounted for, these effects may 
be improperly attributed, in certain systems, to temperature 
effects, and therefore inappropriately compensated. 
[0064] An anticipated temperature change may be a rel 
evant property according to certain embodiments. For 
example, if a heat-generating component (such as a thermal 
cycle used during PCR, Which can entail heating for denatur 
ing, annealing, and extension steps) is anticipated to be acti 
vated (or deactivated), it may be desirable to begin to reduce 
(or increase) the TDU temperature in advance of this event. 
Similarly, it may be desirable to provide less heat, Where 
added heat is necessary to maintain thermal stability, in 
advance of the heat generating event. 
[0065] Heat capacity (thermal mass) of the TDU can be 
relevant, according to certain embodiments, to provide a scal 
ing factor or magnitude to the temperature regulation. Simi 
larly, thermal resistance can be relevant, according to certain 
embodiments, to provide a scaling factor or magnitude to the 
temperature dependent regulation. Thus, for example, for a 
relatively large TDU heat capacity and/or thermal resistance, 
the magnitude of the active temperature compensation may 
be relatively or proportionally large. Further, heat capacity 
and thermal resistance can be used, according to various 
embodiments, to adjust the temporal pro?le of the active 
temperature compensation. For example, With the thermal 
equivalent of a large electrical resistive-capacitive (RC) time 
constant, the magnitude of the active temperature compensa 
tion may be relatively or proportionally large at the beginning 
of a control cycle and loWer at later times. 

[0066] Similarly, if there is a knoWn, expected, or empiri 
cally determined lag time for the effects of temperature com 
pensation, this lag time may be accounted for, according to 
certain embodiments, to avoid over heating or cooling of the 
TDU. The lag time may be due, for example, to the ?nite time 
required to provide or stop heating or cooling from a heating 
or cooling element. 
[0067] The regulation of the TDU operating temperature 
according to certain embodiments, may comprise a feedback 
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control based on at least a difference between a measured 
value of the at least one temperature dependent property and 
a desired value of the at least one temperature dependent 
property. As an example, according to certain embodiments, 
the temperature sensor may be con?gured to monitor a rate of 
change in the at least one temperature dependent property and 
generate the thermal control signal as a function of the rate of 
change. 
[0068] For example, if the desired temperature is 20° C., to 
some desired degree of precision, the degree or amount of 
temperature regulation in response to a measured temperature 
of 30° C. could be greater in a proportional feedback system 
than that at a measured value of 25° C. As an example of one 
general equation to express proportional temperature regula 
tion, degree or amount of temperature regulation (“regulative 
intensity” or “RI”) could be de?ned according to the equation 
RI:X(TD—Tm)”, Where X is a proportionality constant, T D is 
a desired temperature, Tm is a measured temperature, and n is 
an exponent, such as 1, 2, or 3 (though it could be any 
appropriate value, including non integers). As another 
example, proportional integral differential (PID) feedback 
control may be used. As still another example, a fuZZy logic 
feedback system may be used. A feedback equation may 
further take into various considerations, such as start-up or 
cool doWn times for the temperature regulating element (e.g., 
heater), for example, as discussed above. 
[0069] According to various embodiments, the active tem 
perature compensation system can be con?gured to maintain 
the operating temperature Within an operating temperature 
range including a minimum temperature and a maximum 
temperature separated by, for example, about 15° C., about 5° 
C., about 1° C., or about 05° C. The operating temperature 
range can also be speci?ed as a nominal temperature (e. g., 20° 
C.) and an acceptable deviation value or range (e.g., 11° C. or 
105° C.). 
[0070] According to various embodiments, the active tem 
perature compensation system can include a user input device 
that is capable of being programmed to maintain an operating 
temperature range including a minimum temperature and a 
maximum temperature or a desired temperature and tempera 
ture range. The system can include a display capable of dis 
playing the operating temperature of the system. 
[0071] According to various embodiments, the temperature 
compensation system can include an error signaling device 
capable of signaling an alarm When the operating conditions 
exceed a set point, such as a temperature being greater than a 
maximum temperature, less than a minimum temperature, or 
not responding at an expected rate. 

[0072] According to various embodiments, the temperature 
sensor can include a thermister, a thermocouple, a resistance 
temperature detector (RTD), a non-contact temperature sen 
sor, a bandgap semiconductor resistive temperature detector, 
a platinum resistive temperature detector, a bi-metallic tem 
perature detector, a combination thereof, or the like. Func 
tionally, the temperature sensor is con?gured to at least moni 
tor the temperature dependent property. 
[0073] According to various embodiments, a system and 
method provide for maintaining emission intensity and spec 
tral stability of an LED. The method can comprise: providing 
a system comprising an LED; generating excitation light With 
the LED; measuring (directly or indirectly) an operating tem 
perature of the LED; and regulating the operating tempera 
ture. The regulation may be by at least one of transferring heat 
from the LED and transferring heat to the LED, based on the 
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operating temperature, to maintain, for example, the tempera 
ture, emission intensity, and/or spectral stability of the LED. 
The regulating can comprise retrieving from a memory 
source adjustment data corresponding to a desired operating 
temperature or temperature range at Which emission intensity 
and spectral stability of the LED are to be maintained. 

Illumination Systems and Methods 

[0074] An LED illumination system can provide consistent 
illumination, can be light in Weight, and can require minimal 
cooling and/or heating. Where factors such as these are not 
important considerations, or Where there are other counter 
vailing considerations such as spectral or intensity demands 
that cannot be ful?lled With LEDs, other light sources may be 
used instead or in addition to an LED. For example, in a 
system Where the illumination source is not to be scanned, 
such as those discussed elseWhere herein, Weight may not be 
an important consideration and a non-LED source could be 
used, according to certain embodiments. 
[0075] The term “LED” or “light emitting diode” is used 
herein to refer to conventional light-emitting diodes, i.e., 
inorganic semiconductor diodes that convert applied electri 
cal energy to light. Such conventional LEDs include, for 
example, aluminum gallium arsenide (AlGaAs), Which gen 
erally produce red and infrared light, gallium aluminum phos 
phide, Which generally produce green light, gallium arsenide/ 
phosphide (GaAsP), Which generally produce red, orange 
red, orange, and yelloW light, gallium nitride, Which generally 
produce green, pure green (or emerald green), and blue light, 
gallium phosphide (GaP), Which generally produce red, yel 
loW and green light, Zinc selenide (ZnSe), Which generally 
produce blue light, indium gallium nitride (InGaN), Which 
generally produce bluish-green and blue light, indium gal 
lium aluminum phosphide, Which generally produce orange 
red, orange, yelloW, and green light, silicon carbide (SiC), 
Which generally produce blue light, diamond, Which gener 
ally produce ultraviolet light, and silicon (Si), Which are 
under development. LEDs are not limited to narroWband or 
monochromatic light LEDs; LEDs may also include broad 
band, multiple band, and generally White light LEDs. 
[0076] The term LED is also used herein to refer to Organic 
Light Emitting Diode (OLED), that can be polymer-based or 
small-molecule-based (organic or inorganic), edge emitting 
diodes (ELED), Thin Film Electroluminescent Devices 
(TFELD), Quantum dot based inorganic “organic LEDs,” and 
phosphorescent OLED (PHOLED).As used herein, the terms 
“excitation source,” “irradiation source,” and “light source” 
are used interchangeably. 
[0077] Thus, according to certain embodiments, the LED 
can be a standard semiconductor device, an organic LED, or 
an inorganic LED. Examples of organic LEDs are QDOT 
based LEDs and a nanotube-based LEDs. The LED can be a 
stack of LED’s such as a stack of organic LEDs or a stack of 
organic LED layers. 
[0078] According to various embodiments, the LED radia 
tion source can contain one LED or an array of individual 

LEDs. For example, super bright LEDs can be used and can 
be arranged in a light array. According to various embodi 
ments, separate LEDs or a packaged set of LEDs can be used 
in an array. According to various embodiments, each LED can 
be a high poWer LED that can emit greater than or equal to 
about 1 mW of excitation energy. In various embodiments, a 
highpoWer LED canbe used that can emit at least about 5 mW 
of excitation energy. In various embodiments Wherein the 
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LED or array of LEDs can emit, for example, at least about 50 
mW of excitation energy, a cooling device such as, but not 
limited to, a heat sink or fan can be used With the LED. 
Individual or arrays of high-poWered LEDs can be used that 
draW, for example, more than about 10 Watts of energy, about 
10 Watts of energy or less, about ?ve Watts of energy or less, 
or about 3 Watts of energy or less. Exemplary individual LED 
and LED array sources are available, for example, from 
Stocker Yale (Salem, NH.) under the trade name LED 
AREALIGHTS, and from Lumileds Lighting, LLC (San 
Jose, Calif.) under the trade name Luxeon Star. According to 
various embodiments, LED light sources can use about 1 
microWatt (uW) of poWer or more, for example, about 5 mW, 
about 25 mW, about 50 mW, about 1 W, about 5 W, about 50 
W, or about 100 W or more, each individually or collectively 
When used in an array. 

[0079] As another example, high poWer red, blue and green 
emitters in a one-piece package are available from multiple 
sources as off the shelf items, and other colors are possible in 
custom-made packages. High poWer LEDs in the LED pack 
age minimiZe the number of individual or physically separate 
emitters required to generate the necessary light output. Since 
each color in multi-element package can be turned on and off 
separately, using such multi-element packages as a excitation 
light source can provide Wavelength selectivity Without 
extensive ?lter of the excitation light. Light shaping and 
homogenizing optics may be used, according to certain 
embodiments, to match the output of a multi-element package 
to that of broad band sources and/ or to improve illumination 
uniformity. 
[0080] According to various embodiments, the light source 
can include a combination of tWo, three, or more LEDs, laser 
diodes, and the like, such as, having a ?rst relatively short 
Wavelength (e.g., UV-blue) LED and a second “redder” or 
longer Wavelength LED. For example, the light source can 
include an LED that can emit radiation at about 475 nm, an 
LED that can emit radiation at about 539 nm, and an LED that 
can emit radiation at about 593 nm. 

[0081] According to various embodiments, excitation light 
emitted from the light source can diverge from the light 
source at an angle of divergence. The angle of divergence can 
be, for example, from about 50 to about 750 or more. The 
angle of divergence can be substantially Wide, for example, 
greater than 45°, yet can be ef?ciently focused by use of a 
lens, such as the focusing lens 106 (FIG. 1), 206 (FIG. 2), and 
306 (FIG. 3). The lens can be a collimating lens, for example, 
a Fresnel lens. 

[0082] According to various embodiments, organic LEDs 
(OLEDs), such as quantum dot LEDs can be used. See, e. g., 
U.S. patent application Ser. Nos. l0/440,920 to Boege (?led 
May 19, 2003) and l0/440,852 to King (?led May 19, 2003), 
both incorporated by reference herein. Quantum dots may 
also be used as optical tags or markers in sample assays. 
[0083] A quantum dot based LED can emit light in an 
emission band that is narroWer than an emission band of a 
normal LED, for example, about 50% narroWer or about 25% 
narroWer. The emission band of the quantum dots can be a 
function of the siZe distribution of the quantum dots, and thus 
can theoretically be extremely narroW. For example, the quan 
tum dot based LED can be tuned to emit light in a relatively 
tight emission bandpass, for example, an emission bandpass 
including a full-Width of half-max (FWHM) of about 10 nm 
or less, about 20 nm or less, or about 50 nm or less. Quantum 
dots having a range or mix of siZes, composition, or both, can 

Dec. 25, 2008 

also be used, to provide, for example, generally White light or 
light of multiple speci?c Wavelengths or Wavelength ranges 
[0084] The quantum dot based LED can increase the e?i 
ciency of the system. The ef?ciency of a quantum dot based 
LED can theoretically be higher than that of conventional 
LEDs, potentially about 90% or more, for example, 
approaching 100%, such as When sandWiched directly 
betWeen tWo conductive ?lms With each ?lm directly touch 
ing each quantum dot as opposed to the present 20% ef? 
ciency typical for standard LEDs. Quantum dot based LEDs 
can be made utiliZing a slurry of quantum dots, Where current 
?oWs through an average of several quantum dots before 
being emitted as a photon. This conduction through several 
quantum dots can cause resistive losses in ef?ciency. Quan 
tum dots can also provide many more colors than conven 
tional LEDs. 

[0085] OLED ?lms, including, for example, quantum dot 
based LEDs, can be applied to a thermal block used for 
heating and cooling samples in a ?uorescence system Without 
interfering With the operation of the thermal block. According 
to various embodiments, an OLED can be used and/or pro 
duced on a ?exible substrate, on an optically clear substrate, 
on a substrate of an unusual shape, or on a combination 

thereof. Multiple OLEDs can be combined on a substrate, 
Wherein the multiple OLEDs can emit light at different Wave 
lengths. Multiple OLEDs on a single substrate or multiple 
adjacent substrates can form an interlaced or a non-interlaced 
pattern of light of various Wavelengths. The pattern can cor 
respond to, for example, a sample reservoir arrangement or 
array. One or more OLEDs can form a shape surrounding, for 
example, a sample reservoir, a series of sample reservoirs, an 
array of a plurality of sample reservoirs, or a sample ?oW 
path. The sample ?oW path can be, for example, a channel, a 
capillary, or a micro-capillary. One or more OLEDs can be 
formed to folloW the sample ?oW path. One or more OLEDs 
can be formed in the shape of a substrate or a portion of a 
substrate. For example, the OLED can be curved, circular, 
oval, rectangular, square, triangular, annular, or any other 
geometrically regular shape. The OLED can be formed as an 
irregular geometric shape. The OLED can illuminate one or 
more sample reservoirs, for example, an OLED can illumi 
nate one, tWo, three, four, or more sample reservoirs simul 
taneously, or in sequence. The OLED can be designed, for 
example, to illuminate all the Wells of a corresponding multi 
Well array. 
[0086] According to various embodiments, an OLED can 
be used and can be formed from one or more stable, organic 
materials. The OLED can be capable of emitting light When a 
voltage is applied across the organic material. OLDEs canuse 
different electrically conductive ?lms or layers in electrical 
contact With the organic material to provide the voltage path. 
At least one of the electrically conductive ?lms can be opti 
cally transparent, and may be chosen from, for example, 
indium tin oxide (ITO), Zinc oxide, and carbon nanotube 
based layers. 
[0087] According to certain embodiments, an optical sys 
tem may include tWo or more LED scan be used, either 
simultaneously or sequentially. The use of a plurality of dif 
ferent excitation Wavelengths can improve the use and accu 
racy of the calibration matrix used to distinguish ?uorescence 
emissions of various dyes. 
[0088] For example, an optical system may include both 
?rst and second LEDs con?gured to provide excitation light 
to the sample substrate. The multiple LEDs may be similar or 




























